We report electronic structure calculations on 13 states of the experimentally unknown manganese carbide ͑MnC͒ using standard multireference configuration interaction ͑MRCI͒ methods coupled with high quality basis sets. For all states considered we have constructed full potential energy curves and calculated zero point energies. The X state, correlating to ground state atoms, is of 4 ⌺ − symmetry featuring three bonds, with a recommended dissociation energy of D 0 = 70.0 kcal/ mol and r e = 1.640 Å. The first and second excited states, which also correlate to ground state atoms, are of 6 ⌺ − and 8 ⌺ − symmetry, respectively, and lie 17.7 and 28.2 kcal/ mol above the X state at the MRCI level of theory.
I. INTRODUCTION
Aiming towards a comprehensive characterization of the electronic structure of the 3d-transition metal diatomic carbides and their cations MC and MC + , M = Sc, 1͑a͒ ͑Sc + ͒, 2 who studied the ground states of all MC 0,± and MO 0,± species ͑M =Sc-Zn͒ using density functional theory ͑DFT͒. They identified the X state of MnC as of 4 ⌺ − symmetry with r e = 1.606-1.699 Å, dissociation energy D 0 = 3.07-4.65 eV, and dipole moment e = 2.75-3.00 D, depending on the functional used. As far as we know no experimental data are available for MnC.
A state of 4 ⌺ − symmetry results naturally from the interaction of the ground state atoms as pictured clearly in valence-bond-Lewis ͑vbL͒ diagram 1.
The above diagram conforms also to the bonding pattern of the X states of both VC ͓Ref. 1͑e͔͒ and CrC ͓Ref. 
II. METHODS
For the Mn atom the newly developed correlation consistent cc-pVQZ ͑22s18p11d3f2g1h͒ and cc-pwCVQZ ͑24s20p13d4f3g3h͒ basis sets of Balabanov and Peterson 3 were employed; for the C atom the regular cc-pVQZ ͑12s6p3d2f1g͒set by Dunning 4 was used. Both sets were generally contracted to ͓8s7p5d3f2g1h͑10s9p7d4f3g2h͒ / Mn 5s4p3d2f1g/ C ͔for the valence ͑core-valence͒ calculations. The zeroth-order wave functions are of the complete active space self-consistent-field ͑CASSCF͒ type and are formed by distributing the 11 valence electrons among 13 orbitals correlating to the ͑4s, 4p, 3d͒ atomic orbitals of Mn and the ͑2s, 2p͒ orbitals of C.
Additional electron correlation was introduced by including single+ double excitations out of the zeroth-order space ͓CASSCF+1+2=multireference configuration interaction ͑MRCI͔͒. The above imply the formation of a -dative bond by the transfer of about 0.7e − from the 4s4p z hybrid of Mn to the initially empty 2p z C orbital, whereas the formation of two bonds gives rise to a transfer of 0.4e − from C to Mn; in total, about 0. Including scalar relativistic effects through the DKH2 approximation, we obtain D e + rel͑+Q͒ = 63.82͑65.9͒ kcal/ mol at r e = 1.683͑1.678͒ Å. Correcting for G͑0͒ and BSSE, we predict 6 ⌺ − symmetry and lies 17.73͑18.5͒ kcal/ mol above the X state at the MRCI͑+Q͒ level. The interpretation of the wave function's character at equilibrium is rather difficult due to its dispersion over many CFs. For instance, the sum of the square of the first ten variational coefficients of the leading CFs does not exceed 0.72, the first three of which are given below: 6 D the dissociation energy should be increased by about 0.378 eV or D e Х 77.5 kcal/ mol. Although our wave function does not conform to the correct dissociation limit, we believe that it behaves reasonably well around equilibrium and includes the necessary ingredients for a balanced and physically acceptable description.
III. RESULTS AND DISCUSSION
͉1 6 ⌺ − ͘ Х − 0.MRCI energies E e ͑hartree͒, bond distances r e ͑Å͒, dissociation energies D e ͑kcal/ mol͒, zero point energies G͑0͒͑cm −1 ͒, dipole moments ͑D͒, and energy gaps T e ͑kcal/ mol͒ of all MnC states presently studied,
C. 4
4 ⌸ and 7 4 ⌸ states These two 4 ⌸ states interact at ϳ3.4 bohr as depicted nicely in Fig. 1 . The 4 4 ⌸ curve stems from the ground state atoms maintaining this character up to 3.5 bohr where an avoided crossing with the incoming 7 4 ⌸ state is realized. The most characteristic feature of this interaction is the introduction of 4p metallic character through the This clearly indicates that the Mn atom is in the excited 6 P state. Notice, that the minimum of the 7 4 ⌸ is located at the avoided crossing with the 4 4 ⌸ state. A second avoided crossing at 2.75 bohr is observed between the 7 4 ⌸ and another 4 ⌸ not presently studied. Notwithstanding the intense multiconfigurational, and rather blurry character of these sextet ⌸ states, we will try to comment upon their most important features. The local minimum ͑l͒ of the 6 6 ⌸ state is dominated by a configuration that reflects its character at infinity, i.e., The 10 6 ⌸ and 11 6 ⌸ states are more entangled as evidenced by the potential energy curves of Fig. 1 This makes its "chemical" interpretation unwieldy. The last avoided crossing with the 11 6 ⌸ state is located around 3.1 bohr; past this point the two curves interchange their bonding character.
The case of the 11 6 ⌸ state is further complicated by the fact that its minimum is situated on the avoided crossing
